Children initially aged 2 1 / 2 to 14 years living In Bogalusa, Louisiana (n = 2530) were examined twice, 3 years apart, for fasting serum pre-B-and B-llpoproteln cholesterol (B-LPC) levels. Based on averages of these levels, the children were ranked for pre-Band B-LPC in combinations of extreme qulntiles (low-low, high-high) or quartiles (lowhigh, high-low), n = 388, and were reexamlned for serum lipids, llpoproteln cholesterol, glucose tolerance, and anthropometry. Skinfolds were thicker In whites than In blacks except for subscapular skinfold. Children In the high-high stratum were heavier and more obese. The postglucose insulin level was positively correlated with fasting serum triglycerides and pre-B-LPC. Compared with other strata, high-high strata showed more clustering among half-hour and 1-hour plasma insulin, serum triglycerides and pre-B-LPC, and trunk sklnfolds. We conclude that racial differences In lipid and carbohydrate metabolism occur In all four strata, and that a strong clustering occurs more In the high-high stratum, which may, In part, explain the coincidence of several high cardiovascular risk factor levels observed in the same children. These observations document In free-living children changes of obesity, plasma glucose, and insulin metabolism related to serum lipoproteins that are involved in the early natural history of atherosclerosis. (Arteriosclerosis 2: 346-355, July/August 1982)
show a remarkable "tracking" (persistence of an individual's rank relative to his peers) noted even at a young age, 1011 and as a partial explanation for this tracking, these risk factors show a tendency to cluster or aggregate 12 and reinforce each other. Atherosclerosis, cerebrovascular accidents, hypertension, and diabetes mellitus have long been observed to occur together. 13 Plasma insulin levels in healthy (nondiabetic) adults are related to the degree of obesity, 8 and an elevated glucose tolerance curve is now recognized as an independent cardiovascular risk factor. 3 ' K15 These observations are common in our adult population even in the absence of overt diabetes mellitus. To improve our understanding of the determinants and early natural history of serum lipoprotein levels, it became important to examine correlates, especially the easily measurable plasma glucose and insulin levels, in free-living children to document early abnormalities of carbohydrate metabolism that result in hyperlipoproteinemia. Significant differences (age-adjusted data; one child excluded due to missing data) are given below (asterisks and daggers refer to the p values given in the last footnote): Triceps skinfold: B-lipoprotein profile (Hi vs Lo) significant §; pre-B profile significant")-; race significant*; sex significant*. trast in strata. For serum total cholesterol, levels are higher for blacks than whites; in the low B strata there is a sex difference with girls having higher levels than boys, a difference absent in the high B strata. Fasting serum a-lipoprotein cholesterol levels (table 3) show, as expected, a negative relationship with serum pre-(3-lipoprotein stratum levels.
Fasting, half-hour, and 1-hour postglucose plasma glucose and insulin levels are given by race, sex, and lipoprotein strata in table 4. Postglucose plasma glucose levels tended to be higher in white than in black girls, but half-hour postglucose insulin levels tended to be higher in blacks than in whites. High postglucose insulin levels are particularly noted for children in the high pre-B-lipoprotein strata who also tend to be heavier.
Age-controlled Pearson coefficients of correlation among the 1 -hour glucose and insulin levels are given by race, sex, and lipoprotein stratum in table 5. These correlations are all positive and significant in many cases. Correlations between half-hour glucose and insulin show a similar pattern.
Pearson coefficients of correlation of subscapular skinfold thickness and half-hour postglucose plasma insulin with serum triglycerides and pre-B-lipoprotein cholesterol are presented by race, sex, and lipoprotein stratum in figure 2 . The high B-, high pre-Blipoprotein stratum shows high correlations between subscapular skinfold thickness and insulin levels (figure 3). We further observed that, generally, correlations of body fat with insulin are higher than with triglycerides and pre-B-lipoprotein cholesterol, as was also seen in our in-depth blood pressure study 25 (unpublished data). All of these observations hold true also for 1 -hour postglucose plasma insulin. Controlling for age did not markedly change the correlation pattern (table 6) .
The relationships hold not only for subscapular skinfold, but also for suprailiac and subcostal skinfold and for waist circumference (figure 3), and hence are representative of body fat. Limb skinfolds tended to correlate with plasma insulin to a lesser extent than trunk fat, especially in boys. Similar trends are noted for half-hour and 1-hour postglucose insulin assays. It is clear that the clustering among these parameters is generally strongest in the high B-, high pre-13-lipoprotein stratum.
Finally, figures 4 and 5 illustrate a degree of linearity in the relationship between obesity and insulin in children of the high B-, high pre-13-lipoprotein stratum for both races and both sexes. We chose half-hour rather than 1-hour postglucose observations to represent maximum insulin response.
Discussion
Although biochemical and anatomic alterations of vascular tissues from patients with overt arteriosclerosis and diabetes mellitus are well known, little is known of the subclinical carbohydrate and lipid interrelationships with blood vessel changes in the early stage of atherosclerosis. The current studies show that even in presumably healthy free-living children selected by conditions of high fasting serum pre-Band B-lipoprotein levels, a clustering of obesity, high postglucose plasma glucose and insulin, high fasting pre-B-lipoprotein or triglyceride levels, and high fasting B-lipoprotein occurs, indicating that cardiovascular risk factor variables reinforce each other even at this early stage of life. Further, it is known that lipid metabolism is influenced by race and sex differences, 18 ' 21 and we now report that aspects of carbohydrate metabolism are likewise influenced by race and sex.
In this study, obesity and trunk fat were found to be highly associated with glucose and insulin re- sponses to a glucose load. In view of the high degree of tracking of cardiovascular risk factors noted in children (unpublished observations), atherosclerosis beginning in childhood may be accelerated in children with only moderate amounts of increased body fat, presumably in some who develop subclinical diabetes mellitus. 26 " 27 In the present study, the associ-ation between trunk fat and hyperinsulinemia is strongest when the serum B-and pre-B-lipoprotein levels are both high, suggesting early increase of peripheral insulin resistance. Explanation of the association may involve down-regulation of cellular insulin receptors, increased pancreatic insulin secretion, or decreased hepatic insulin clearance. 28 Although the latter is thought to be caused by hypertriglyceridemia and hyper-pre-IMipoproteinemia, 28 our observations in children generally do not fit the hypothesis of decreased hepatic insulin clearance as a dominant mechanism; however, down-regulation of cellular insulin receptors is a more likely partial explanation. 29 Olefsky et al. 30 have suggested that hyperlipoproteinemia is caused by hyperinsulinemia which, in turn, is determined in part by insulin resistance.
Our observation of a high correlation between 1hour glucose and insulin levels in the high B-, high pre-B-lipoprotein stratum, which we detect even in a free-living population of children, points to early pe- ripheral insulin resistance in mild obesity and mild hyperlipoproteinemia. Insulin resistance is believed to be an expression of down-regulation of cellular receptors, 31 and Bagdade et al. 32 suggested that the hyperinsulinemia in hypertriglyceridemia is caused by obesity. It is even suggested that obese women react more intensely than nonobese women to the smell or sight of food, with increased plasma insulin levels. 33 Consequently in our present study, the high correlation and linearity of regression between obesity and plasma insulin early in life (figures 4, 5) suggest that, with a few exceptions, mild obesity may enhance plasma insulin levels and that preexisting high insulin level is not the cause of the obesity but may be secondary to environmentally induced obesity. It is also known that in adults there are exceptions to the relationship of hypertriglyceridemia and obesity, 34 and Glueck et al. 35 have studied the relation of insulin and obesity in special children with familial hypertriglyceridemia.
Important to cardiovascular disease in general, carbohydrate parameters have also a quantitative relationship with systolic blood pressure in white children. 38 We have observed this in early studies 1937 and have recently confirmed this with additional observations of blood pressure levels in children. The mechanisms of interrelationships need further exploring.
Carbohydrate parameters may not only constitute an independent cardiovascular risk factor in adulthood, 3 but may also play an active role in the early natural history of the early atherosclerotic process. This may partly explain the high degree of tracking of cardiovascular risk factors observed in childhood. As such, they deserve active detection and intervention at a young age, especially for individuals in whom risk factors are clustering.
In our society, with consumption of high caloric, high fat, high cholesterol, and high refined sugar diets, metabolic abnormalities of serum lipoproteins o . Btaok* . Btack. and carbohydrate metabolism are apt to occur in a large segment of the population. Similarly, serum lipoprotein, plasma insulin, and related enzyme changes are easily inducible by dietary manipulation in experimental animals. 38 ' m Therefore, particular attention might be given to children with clustering of cardiovascular risk factors who might respond to a lifestyle with dietary manipulations and more regulated exercise. Interventive measures like caloric reduction and increased physical exercise 4 " 8 ' *°-41 may have a great impact on blood glucose and insulin responses in early life. In a special blood pressure study, 25 we administered a structured recall of physical activity in children, 42 -43 and observed a negative association with the product of 1 -hour plasma glucose x insulin levels during a glucose tolerance test (unpublished observations). Although control of serum lipids by dietary changes may not seem great, the simultaneous control of obesity and abnormalities of carbohydrate metabolism may have long-term salutory effects with regard to the early onset of coronary artery disease and essential hypertension. Our observations document intricate relationships between diverse cardiovascular risk factor variables as well as extensive racial differences. They indicate that even mild obesity and subtle elevations of plasma glucose and insulin and serum lipoproteins are integral ingredients of the early atherosclerotic process. The clustering or aggregation of metabolic parameters related to carbohydrate-lipid interactions obviously occur early in life and probably play a role in the pathogenesis of coronary artery disease.
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